All operating theatre staff are exposed to low concentrations of gaseous and volatile agents which include anaesthetic drugs. The first to describe the unpleasantness of working in unventilated theatres was Frederick Hewitt (1893) . Although the adverse effects of chronic exposure to anaesthetic agents were described in the early part of the century (Hirsch and Kappus 1929), it was not until a report by Vaisman (1967) that interest developed in examining the reproductive hazard associated with the use of inhalation agents. Unfortunately, many retrospective human studies (Vaisman, 1967; Askrog and Harvold, 1970; Cohen, Weldon Belville and Brown, 1971; Corbett, 1972 Corbett, , 1974 Knill-Jones et al., 1972) did not provide precise information, nor was the evidence substantiated by meaningful control studies. It has been necessary, therefore, to examine the effects of chronic inhalation of anaesthetic agents by conducting experimental studies in animals. The comparative vulnerability of different mammalian species is largely unknown, but the rat is thought to be an appropriate model for these studies (Wigglesworth, 1974) .
The intention by the manufacturers to cease production of medical trichloroethylene aroused a chorus of concern from anaesthetists (Atkinson et , 1979) . Trichloroethylene, an unsaturated chlorinated hydrocarbon, has a marked structural similarity to vinyl chloride, a known carcinogen. Furthermore, trichloroethylene is widely used in industrial processes as a degreasing or as a cleansing agent. It would therefore be informative to examine, in an animal model, the effect of chronic inhalation of a trace concentration of trichloroethylene during pregnancy.
METHOD
Inbred Wistar rats, identified by ear tags, were housed in a breeding room in isolation from other animals. They were fed a standard small-animal diet (Spillers Lab Animal No. 1 Diet): water was freely available except during the exposure periods.
Two nulliparous female rats (body weight 200-300 g) were placed in breeding cages overnight with one proven male. The date of pregnancy was identified by the presence of a vaginal plug or spermatozoa in the vagina. The study and control female rats were housed together. The ambient temperature and relative humidity of the rooms were maintained at 20-32 °C and 70% respectively. Equal numbers of pregnant females were simultaneously exposed to trichloroethylene lOOp.p.m. (535mgm~3) in room air or to room air in separate stainless steel exposure chambers for 4 h daily from day 8 to day 21 of pregnancy. The selection of rats for exposure to either air or trichloroethylene in air was made using random numbers. The exposures were made simultaneously and the air flow was provided using a single air compressor pump.
During exposure the concentration of trichloroethylene in the study chamber, and oxygen and carbon dioxide in the control chamber, were measured continuously using an infra-red analyser (Miran) and a Mass Spectrometer (British Oxygen) respectively. During the pregnancy, rats were weighed daily and the daily food and water consumption was recorded.
To avoid the effect of diurnal variation (Basford and Fink, 1968) all rats were exposed in the chambers at the same time of the day. All female rats were sacrificed on the 21st day of pregnancy. The abdominal viscera were exposed and the ovaries, uterus, liver, lungs and heart were carefully examined using the dissecting microscope. The number of corpora lutea of pregnancy were counted. The uterus was opened to determine the number of fetuses present and also the number and position of the placental sites.
All fetuses were weighed, sexed (ano-genital distance) and measured (crown-rump length). Each fetus was examined to identify any external malformations. The body cavity was opened by a mid-ventral incision and the following organs were removed and examined: lungs, diaphragm, liver, gastrointestinal system, heart and kidneys. Care was taken to avoid damage to the skeletal system. Fetuses were preserved in 95% ethanol for alizarin red-S staining and skeletal examination.
Trichloroethylene used in this study was distilled from Trilene (ICI).
An unpaired t test (weighted for litter size) was used to compare the control and study values for fetal weight and fetal length, and a Chi square analysis for the number of rats in which total resorption occurred. The comparisons by fetal count (number of resorptions, litter size, sex and skeletal abnormalities) were made using the Mann-Whitney U test (Siegal, 1956 ).
RESULTS
Initially, 71 female rats were studied. Two of the rats allocated to the study group died, one on day 13 and the other on day 8 of pregnancy. Both the rats were pregnant, but the fetuses were too small for examination and therefore none of the data collected was included in the present study. The two rats died because of an obstruction in the air supply system leading to a trichloroethylene overdose. No other rats were in the study chamber on that occasion. Three rats in each group showed corpora lutea of normal cycle and therefore had not been pregnant or had resorbed very early in pregnancy. Results obtained from these rats were not included in the study.
The effect of chronic inhalation of trichloroethylene 100 p.p.m. by the pregnant rat during day 8 to 21 is shown in table I. There was a total of 423 fetuses (31 control dams with 236 fetuses; 32 dams with 187 fetuses). The frequency of fetal loss (fetal death and resorption per litter) was not significantly greater in the group exposed to trichloroethylene (P = 0.054), nor was the litter size altered (P = 0.061). The frequency of fetal loss in early pregnancy (the difference between the number of corpora lutea and the sum of the visible fetuses and placental sites) was not significantly greater in the group exposed to trichloroethylene (P = 0.26). However, the number of rats in which total resorption of all fetuses occurred was greater in the study group (P<0.05). Fetal weight was reduced (P<0.05), but crown-rump length was not significantly altered (P<0.1). There was an apparent reduction in the ratio of male to female fetuses, but this Was not statistically significant (P = 0.065). No external visceral or gross skeletal anomalies were found in either the control or the study fetuses. Abnormalities of the sternum, which included complete absence of sternal ossification centres and bipartite patterns, occurred in both groups. No supplementary ribs were noted. The frequency of minor variations (absent or bipartite centres of ossification) was greater in the study group (P = 0.003).
DISCUSSION
In this study chronic inhalation of trichloroethylene 100 p.p.m. from day 8 to 21 of pregnancy has been shown to result in reduced fetal weight, which suggests that trichloroethylene retards fetal development. This conclusion is supported by the increased frequency of bipartite or absent ossification centres in the study group (Fritz and Hess, 1970) . Inhalation of trichloroethylene was not associated with a significantly increased fetal loss. Fetal loss was identified by comparing the numbers of live fetuses with the total number of corpora lutea present. Fetal loss during the early part of the pregnancy was calculated by deducting the number of placental sites from the number of corpora lutea of pregnancy. Although the difference between the groups, in terms of early resorption, was not significantly different, there was a difference between the control and study groups in terms of total resorption of all fetuses. This suggests that trichloroethylene may be toxic to the Wistar fetus in the early stages of pregnancy.
On the other hand, Schwetz, Leong and Gehring (1975) exposed pregnant rats and mice to trichloroethylene 3Q0p.p.m. for 7h per day on days 6-15 of pregnancy, and reported that there was no evidence of embryotoxicity or teratogenicity. However, in another study Kimmerle and Eben (1973) have suggested that the pharmacokinetic behaviour of trichloroethylene following acute exposure is different from that following repeated exposure. A short-term exposure might lead, therefore, to an underestimation of the embyrotoxicity or teratogenicity of trichloroethylene. It is during the period of organogenesis that the fetus is most susceptible to a teratogenic insult. The present study seems particularly relevant in that the pregnant rats were exposed to trichloroethylene during an extended period, day 8 to day 21, which included the period of rapid organogenesis.
The comparative vulnerability of different animal species to fetotoxic substances is largely unknown, but it has been suggested (Wigglesworth, 1974 ) that the rat is a suitable model for this type of study and that results obtained may be comparable with results to be expected in human studies. Nonetheless, the comparisons must be made with caution: the metabolic behaviour of trichloroethylene may be species dependent. When rats are exposed to comparable concentrations of trichloroethylene, chloral hydrate is produced, but this is not detected after human exposure (Kimmerle and Eben, 1973) .
It is well recognized that minor stress induced by environmental changes, which include handling, may lead to resorption of the fetus in rats. In the present study, therefore, environmental changes and handling were reduced to the minimum commensurate with the recording of physical data and exposure in the chamber. Furthermore, the rats in the study and control groups were exposed to the same stimuli and at the same time of day so that the influence of stress and diurnal variation (Basford and Fink, 1968) was excluded or was the same for both groups.
The retardation in fetal development associated with chronic inhalation of a trace concentration of trichloroethylene reported here supports the findings of Dorfmueller and others (1979) who reported evidence of delay in maturation rather than teratogenesis when female rats were exposed to trichloroethylene 1800 ± 299 p.p.m. during 20 days of pregnancy, and finds a parallel in the findings of Viera (1979) who exposed pregnant rats to nitrous oxide 5000 p.p.m. in air. On the other hand, the consensus is that halothane in trace concentrations, alone or in combination with nitrous oxide, has no similar effect (Bruce, 1973 : Lansdown et al., 1976 : Pope et al., 1978 : Coate, Knapp and Lewis, 1979 . Indeed Wharton and others (1978) concluded that, to demonstrate fetotoxicity, halothane concentrations 40 times greater than those found in unscavenged operating theatres were needed. Comparison between the results obtained by human studies is impossible, but fetotoxicity as a result of inhalation of trace concentrations in the human cannot be excluded. The results presented here do not suggest that trichloroethylene has teratogenic properties in trace concentrations although there is a hint that it may be fetotoxic in the earliest stages of pregnancy. Although the probabilities shown in table I are, in some cases, just short of the commonly accepted level at which the null hypothesis is firmly rejected, this paper is concerned with a safety factor and it may therefore be valid to increase the significance level of the null hypothesis from 5% to 10%. examinandose los ovarios, el utero, el higado, los pulmones, el corazon y el feto de todas cllas. No hubo evidenaa alguna de SUMARIO teratogenesis, pero hubo indicios de un retraso en la Treinta y dos ratas Wistar cosanguineas (grupo de estudio) se ™"»uracion fetal a causa de la reduccion del peso de los fetos expusieron al tncloroeuleno en una concentration de (^ < 0,05) yde un incremento.o ausenoa, de los centres de lOOp.pjn en el aire por espacio de 4 horas dianas, desde el oslficaclon del "queleto (P<0,005). octavo hasta el veintiunavo dia del embarazo. Un grupo dc
